We describe the tadpole morphology for four species of frogs classified in the endemic Madagascan genus Guibemantis, based on larval specimens identified by DNA barcoding. The tadpoles of Guibemantis kathrinae and G. tornieri are reported for the first time. The tadpole of G. kathrinae has a heterogeneous coloration, emarginated oral disc bordered with papillae and one row of submarginal papillae. Labial tooth row formula is 6(2-6)/3(1). Number of labial teeth per millimetre is variable in each row, ranging from 36 to 64. The tadpole of G. tornieri is very similar to that of G. timidus (previously considered conspecific with G. tornieri) except for the patched coloration of G. tornieri (vs. rather uniform in G. timidus). The tadpole of G. depressiceps is characterized by having a higher number of teeth per millimetre in all tooth rows than the other species of the group. The tadpole of Guibemantis liber differs from the other species by having a lower number of upper labial tooth rows (two, three or four vs. five or more). No morphological differences were found between larvae of G. liber from two separate localities, Ranomafana and Andasibe. In general, the Guibemantis larvae examined (except G. liber) are morphologically similar to each other but several of the characters examined were highly variable within populations and species, highlighting the usefulness of molecular tools for their identification.
Introduction
Within the family Mantellidae, endemic to Madagascar and the Comoros, Mantidactylus Boulenger, 1895 was long seen as the most species-rich and morphologically heterogeneous genus . The large number of species with a high
ZOOTAXA

Materials and methods
Tadpoles were collected in the field, euthanised by immersion in chlorobutanol solution, and immediately sorted into homogeneous series based on morphological characters. From each series one specimen was selected and a tissue sample from its tail musculature or fin taken and preserved in 99% ethanol. This specimen is here named "DNA voucher". After tissue collection, all specimens were preserved in 4% formalin. Specimens were deposited in the Zoologische Staatssammlung München, Germany (ZSM); comparative specimens were examined from the herpetological collection of the Zoological Museum Amsterdam, Netherlands (ZMA).
Tadpoles were identified using a DNA barcoding approach based on a fragment of the mitochondrial 16S rRNA gene, which is known to be sufficiently variable among species of Malagasy frogs (Thomas et al. 2005) . The ca. 550 bp fragment was amplified using primers 16Sa-L and 16Sb-H from Palumbi et al. (1991) applying standard protocols, resolved on automated sequencers, and compared to a near-complete database of sequences of adult Malagasy frog species. Identification was considered to be unequivocal when the tadpole sequence was 99-100% identical to an adult specimen from the same geographical region, and not more similar to any sequence from another species. DNA sequences were deposited in Genbank (accession numbers DQ054492-DQ054503; accession numbers of comparative adult specimens included in the sequence sets AY847959-AY848683 and AY684185-AY684191).
Drawings and descriptions of the tadpoles are based only on the DNA vouchers. All specimens of each series were examined to complete information on the structures missing for the tissue sampling and to assess morphological variability. Developmental stages are based on Gosner (1960) . Morphological terminology follows Altig and McDiarmid (1999) . Labial tooth row formula is in addition also given according to the notation of Dubois (1995) . The measurements taken using a stereo microscope with measuring device and converted later into millimetres are: BL = body length (from the tip of the snout to the junction of the posterior body wall with the axis of the tail myotomes); BW = body width (the widest point of the 'head' right behind the eyes); ED = eye diameter; IOD = interorbital distance (from the centre of each pupil); TH = tail height (at the beginning of the tail); TMW = caudal muscle width (at the beginning of the tail); ODW = maximum oral disc width; DGMP = dorsal gap of the marginal papillae. The mouth parts include: MP = number of marginal and SMP = submarginal papillae; LMP = length of the marginal papillae; UPT = upper tooth row (1 is the most external); LTR = lower tooth row (1 is the most internal); NT = number of teeth; LLTR = length of the labial tooth row. Description (based on the DNA voucher of series ZSM 466-467/2004 ). Tadpole in stage 34. Coloration in preservative light brown without any distinct pattern. The intestinal wall also pigmented and intestinal spiral visible. Ventrolateral and ventral parts of the body lack pigmentation. Anterior part of the tail with the same coloration of the body. Most of the tail and caudal fin missing because of tissue sampling. Tadpole type IV (Orton 1953) . Body shape oval. Snout in dorsal view almost rounded. Eyes small (about 0.06 of body length) dorsally positioned ( fig. 1a and b) . Spiracle sinistral. Oral disc laterally emarginated, and ventrally positioned ( fig. 1c ). Dorsal gap of the marginal papillae 1.03 mm. Oral disc bordered by 46 short marginal papillae more or less equal in length (˜0.05 mm). No submarginal papillae. LTRF 1: 3+3/3 (Dubois 1995) or 4(2-4)/3(-) (Altig & McDiarmid 1999) . The lower lip and tooth rows possibly damaged by fixation or preservation; LTR 1 continues on the left side until it meets LTR 3 and appears as one single continuous row; LTR 2 incomplete on the left side. UTR ca. 52-80 teeth per mm and LTR ca. 13-16 teeth per mm. From UTR 2 on, they are separated by the upper jaw sheath. Jaw sheaths distinct and black, with serrated edges (ca. 55 on each jaw). Sheath of upper jaw not curved in the middle, lower jaw sheath V-shaped.
Variation within the series. Series ZSM 466-467/2004 with 13 additional tadpoles in stages 27-40. Number of marginal papillae variable (31-64); submarginal papillae 0-3 on each side of the upper lip and 1-4 on the lower lip, except one specimen with seven on the right side of the lower lip. LTRF 3(2-3)/3(1) or 4(2-3)/3(1), independent from the stage. In the remaining specimens, general and oral morphology very similar but certainly different from the DNA voucher specimen in the oral disc (differences might be artefacts).
Series Previous descriptions. The tadpole of G. liber has been described by BlommersSchlösser (1975) ZOOTAXA stages was the size (body length 3.3-13 mm); general body shape was as a typical type IV tadpole (Orton 1953) , the oral disc emarginated, directed downwards and surrounded by small papillae except the dorsal margin. LTRF was variable between 4(2-4)/3(1), 3(2-3)/ 3(1) and 5(2-5)/3(1). fig. 1d and e) . Spiracle difficult to recognize. Oral disc laterally emarginated, and ventrally positioned ( fig. 1 f) . Dorsal gap of the marginal papillae 1.23 mm. Oral disc bordered by 52 marginal papillae more or less equal in length (˜0.13 mm). 4-5 submarginal papillae on each side of the lower lip, and 2-3 on the upper lip. LTRF 1:3+3/1+1:2 (Dubois 1995) or 4(2-4)/3(1) (Altig & McDiarmid 1999) ; LTR 1 and LTR 2 with thinner, longer and more teeth per millimetre (ca. 70/mm) than other tooth rows (ca. 30-42/mm) and becoming shorter at the borders. From UTR 2 on, they are separated by the upper jaw sheath. LTR 1 with a short gap. Jaw sheaths distinct and black, with serrated edges (ca. 55 on each jaw). Sheath of upper jaw softly curved in the middle, lower jaw sheath V-shaped.
Guibemantis liber
Variation within series. The series ZSM 433/2004 contains 18 additional tadpoles in stages 26-35. One specimen was discarded because it shows no resemblance with the DNA voucher or others. Number of marginal papillae highly variable (33-71) but mainly around 55. Number of submarginal papillae also variable (0-4 on each side of the upper lip, and 0-7 on the lower). In almost all specimens in stages under 30 LTRF is 3(2-3)/3(1), different from the DNA voucher, but agreeing in every other respect with it. Other tadpoles in stages above 30 have the same LTRF as the DNA voucher and agree in morphology and oral parts. A further specimen in stage 28 has LTRF 3(2-3)/3(2-3). fig. 2a and b) . Spiracle difficult to recognize. Oral disc laterally emarginated, and positioned ventrally ( fig. 2c ). Dorsal gap of the marginal papillae long (2.13 mm). Oral disc bordered by 51 marginal papillae (˜0.1 mm) that decrease in size towards the emargination. One row of 14 submarginal papillae on the lower lip, three on the right side of the upper lip and only a small one on the left side. LTRF 1:6+6/1+1:2 (Dubois 1995) or 7(2-7)/3(1) (Altig & McDiarmid 1999) ; UTR 1 with thinner, longer and more teeth per millimetre (ca. 75/mm) than the rest (ca. 45-65/mm) and becoming shorter at the borders. From UTR 2 on, they are separated by the upper jaw sheath. LTR 1 with a short gap. Jaw sheaths distinct and black, with serrated edges (ca. 60 on each jaw). Sheath of upper jaw strongly curved in the middle, and lower jaw sheath resembling a wide V.
Variation within the series. 5 specimens in stages 25-28. LTRF 5(2-5)/3(1) in 2 specimens in stage 25 and 6(2-6)/3(1) in the rest. 45-61 marginal papillae 2-3 on each side of the upper lip and 4-8 on each side of the lower. Coloration, general and oral disc morphology agree in all specimens with the DNA voucher.
Previous descriptions. The tadpole of G. depressiceps has been described by Blommers-Schlösser (1979) from specimens collected in central eastern Madagascar (Andasibe, Mandraka and Moramanga-Anosibe) between 900-1200 m above sea level; tadpoles in stages 25-30 measured up to 10 mm body length and up to 15 mm in stage 38; they were typical type IV tadpoles (Orton 1953) ; mouth small, directed downwards; oral disc indented laterally, and papillary border with a wide dorsal gap; labial tooth row formula (LTRF) was 6(2-6)/3(1) or 7(2-7)/3(1). Description based on the DNA voucher specimen. Tadpole in stage 25. For morphometric data see tables 3 and 4. Colour in preservative brown, not homogeneous but with a patch on top of the head and transverse stripes behind. The intestinal wall is also pigmented and the intestinal spiral visible. Ventral part of the body lacks pigmentation. Anterior part of the tail with transverse stripes, but the rest of the tail and caudal fin are missing because of tissue sampling. Tadpole type IV (Orton 1953) . Body shape oval.
ZOOTAXA
Snout in dorsal view almost rounded. Eyes medium-sized (about 0.1 of body length) dorsally positioned ( fig. 3a and b) . Spiracle sinistral, positioned ventrolaterally at mid body. Oral disc completely ventral, laterally emarginated (Fig. 3c) . Dorsal gap of the marginal papillae large (2.2 mm). The rest of the oral disc bordered completely by 52 marginal papillae; ventral (posterior) ones about 0.1 mm long, diminishing in length as they reach the middle. One row of 28 submarginal papillae on the lower lip; three lateral on each side of the upper lip. LTRF 1:5+5/1+1:3 (Dubois 1995) or 6(2-6)/3(1) (Altig & McDiarmid 1999) ; Number of teeth per millimetre varies in each row from 36 to 64. From UTR 2 on, the rows are separated by the upper jaw sheath. LTR 1 with a short gap. Jaw sheaths distinct and black, with serrated edges (ca. 80 on each jaw). Sheath of upper jaw gently curved in the middle, and lower jaw sheath resembling a wide V. Two other specimens of the series in stages 25 and 27. The latter with UTR 7 on the right side, 72 marginal papillae, two submarginal papillae on each side of the upper lip and 9-10 on the lower lip. The other specimen with 55 marginal papillae, three on each side of the upper lip and 8-9 on the lower lip. Coloration, general and oral disc morphology agree with the DNA voucher specimen. (Orton 1953) . Body shape oval ( fig. 4a and b) . Snout in dorsal view almost rounded. Eyes medium-sized (about 0.1 of body length) dorsally positioned. Spiracle difficult to recognize. Oral disc laterally emarginated, completely ventral, but (Altig & McDiarmid 1999) ; UTR 1 and LTR 3 with thinner and more teeth per millimetre (ca. 70-80/mm) than the rest (ca. 55-64/mm) and becoming shorter at the borders. From UTR 2 on, they are separated by the upper jaw sheath. UTR 5 only present on the right side but with big teeth (only 7/mm) LTR 1 with a short gap. Jaw sheaths distinct and black, with serrated edges (ca. 60 on each jaw). Sheath of upper jaw gently curved in the middle, and lower jaw sheath resembling a wide V.
Second specimen of the series in stage 25; LTRF 5(2-5)/3(1); 64 marginal papillae; 2-4 submarginal papillae on each side of the upper lip and 12-13 on the lower lip. Coloration, general and oral disc morphology similar to the DNA voucher specimen.
Guibemantis timidus Vences & Glaw, 2005
Tadpoles of this species have been described by Blommers-Schlösser (1979) under the name G. tornieri. The specimens had been collected in Foulpointe (sea level) at the East Coast of Madagascar. They had body lengths of 3.5-4 mm in stage 25, 8 mm in stage 27 and measured up to 15 mm in stages 31-40; general body shape as a typical type IV tadpole (Orton 1953) , oral disc laterally emarginated and bordered with papillae except for a wide dorsal gap; LTRF 1:4+4/1+1:2 to 1:5+5/1+1:2 (Dubois 1995) or 5(2-5)/3(1) to 6(2-6)/3(1) (Altig & McDiarmid 1999) . For a more complete description see BlommersSchlösser (1979) .
Discussion
With the data provided herein, the tadpoles of all species currently in the subgenus Guibemantis have been described, providing a basis for morphological comparisons and evaluation of character variability. They also allow for a detailed comparison with the tadpole of Guibemantis (Pandanusicola) liber which had previously been placed into the subgenus Guibemantis (Glaw & Vences 1994) .
The examined tadpoles of G. tornieri, G. depressiceps and G. kathrinae show clear differences to those of G. liber in having a higher number (5 or more) of upper tooth rows, although according to Blommers-Schlösser (1975) , the tadpoles of G. liber could also have five UTRs. The tadpole of G. liber also differs from those of the other species in the shape of the sheath of the upper jaw, which is more rounded versus pointed. Guibemantis liber had formerly been assigned to the Mantidactylus pulcher-group (Blommers-Schlösser 1979), now subgenus Pandanusicola (Glaw & Vences 1994) , but it was transferred to the M. depressiceps group, now genus Guibemantis, by Glaw and Vences (1992) based on its breeding in ponds (not in phytotelmes) and its large relative hand length (derived character of what is now the subgenus Guibemantis). Glaw et al. 2000 suggested that, based on femoral gland morphology, G. liber differs from Pandanusicola. Molecular evidence has recently shown that G. liber is more closely related to Pandanusicola, in agreement with the original assumption of Blommers-Schlösser (1979) and Blommers-Schlösser & Blanc 1991) . Hence, the separate status of G. liber from other species in the subgenus Guibemantis is also supported by tadpole morphology in agreement with its placement into the subgenus Pandanusicola , although, on the other hand, its tadpoles also lack resemblance to the elongated, specialized phytotelmic tadpoles of other separate species. Only in G. kathrinae all three specimens examined have the same LTRF 6(2-6)/3(1). As a conclusion, many of the characters examined here appear to be highly variable even among individuals of the same series, not to mention among series (in the case of G. liber). This is certainly in part due to differences in developmental stages, but can also be a consequence of environmental plasticity (e.g., Vences et al. 2002 and references therein) . A reliable and fast morphological identification of tadpoles in Guibemantis to species appears difficult, and the use of DNA barcoding methods at a larger scale will therefore be necessary to understand more in detail whether these largely sympatric larvae show differences in ecology.
